ABSTRACT In this study, we examined the effect of weather and moon illumination on sand ßy activity, as measured by light trap collections made between 2 May 2003 and 25 October 2004 at Tallil Air Base, Iraq. Wind speed, temperature, dew point, percentage of sky cover, and moon illumination were entered into principal components analysis. The resulting principal components were entered into stepwise regression to develop a model of the impact of the weather on sand ßy collections. Wind speed, percentage of sky cover, and moon illumination each had a strong inverse relationship with the number of sand ßies collected, whereas temperature displayed a direct relationship to sand ßy collections. Our data indicate that sand ßy light trap catches at Tallil Air Base are highest on warm, clear nights with low wind speed and minimal illumination from the moon.
In March 2003, United States military forces established operations at Tallil Air Base (TAB) in southcentral Iraq. Once in place, the high number of biting sand ßies combined with a known presence of visceral leishmaniasis in the region resulted in military preventive medicine personnel establishing a Leishmaniasis Control Program, which focused on risk communication, vector surveillance and control, and personal protective measures (Coleman et al. 2006) . As part of the Leishmaniasis Control Program, standard Centers for Disease Control and Prevention (CDC) light traps were used to collect sand ßies from April to October in 2003 and 2004 . From this work, the predominant vector species present at TAB were identiÞed as Phlebotomus alexandri Sinton and Phlebotomus papatasi Scopoli (Coleman et al. 2007) . P. alexandri is a suspected vector of Leishmania infantum Nicolle and a proven vector of Leishmania donovani Laveran and Mesnil (Sukkar 1985 , Li-Ren et al. 1986 , Azizi et al. 2006 , whereas P. papatasi is a vector of Leishmania major Yakimoff and Schokher (Killick-Kendrick et al. 1985a , Sukkar 1985 , Azizi et al. 2006 .
Whereas sand ßies are present throughout Iraq and there is a long-standing history of both cutaneous and visceral leishmaniasis in this country, relatively little is known about the ecology and behavior of sand ßies in Iraq. Some of the earliest studies were conducted by Adler and Theodor (1929) and Adler et al. (1930) , who collected and described sand ßies from a number of locations throughout Iraq. More recently, Jassim et al. (2006) evaluated the efÞcacy of vector control in the Thi Qar Governate of Iraq in 2003; however, little information was provided on the sand ßy fauna of the region. Studies of P. papatasi in the Baghdad area showed that the population levels are highest for that species in August through October Mahdi 1970, Abul-hab and Al-Baghdadi 1972) , whereas Coleman et al. (2007) found that P. alexandri is more abundant in TAB from April through May, with P. papatasi becoming more abundant from August through September. Sand ßies at TAB were more active from 2000 to 2400 h during the relatively cool months (April and October), whereas during the warmer months (May through September) they were more active from 2200 to 0400 h (Coleman et al. 2007 ). The purpose of the current study was to increase the understanding of the sand ßy behavior and ecology in Iraq by examining the relationship between nocturnal sand ßy activity at TAB and the climate.
Materials and Methods
Collection of Sand Flies. Standard CDC style light traps (model 512, John W. Hock, Gainesville, FL) were used for sand ßy surveillance from April through October in 2003 and 2004. Traps were started at 1800 local time and collected by 0800 the following day. A total of 1,455 trap nights (a single light trap placed on a single night) occurred over the course of the study, with traps placed at 81 different locations on 124 nights. The exact number of traps placed each night varied based on the number of speciÞc sites that were being assessed; however, they ranged between 2 and 16 traps per night. Traps were placed in areas of TAB that were inhabited by United States military forces, and in general were located within 100 m of tents or buildings. Although there was generally a small number of competing light sources in the buildings and tents in the vicinity of the light traps, it is difÞcult to generalize about the nature of these competing light sources. A general description of the geography of TAB is provided by Coleman et al. (2006) . The location of each trap was recorded using a hand-held Geographic Positioning System device. Upon return to the Þeld laboratory, collection bags containing the sand ßies were placed in a Ϫ70ЊC freezer. Sand ßies were sorted, and the number of male sand ßies, unengorged female sand ßies, and engorged female sand ßies was determined. For the current study, the number of sand ßies collected on a given night was divided by the number of traps set out on that night. This gives the number of sand ßies per trap night, which will be used as a surrogate measure of sand ßy activity in this study. Approximately 10 Ð15% of the female sand ßies and 95% of the male sand ßies were shipped to the Walter Reed Army Institute of Research (Silver Spring, MD), where representative specimens were identiÞed to species. The remainder of the sand ßies was stored at Ϫ70ЊC until subsequently tested for Leishmania parasites using a ßuorogenic polymerase chain reaction assay (Coleman et al. 2009 ).
Weather Data. Weather data were provided by the United States Air Force Weather Detachment (Station KQXJ) located at Tallil Air Base, Iraq (30Њ57ЈN, 046Њ05ЈE). Weather data were collected hourly, and weather observations for the entire day were recorded on Air Force Form 3803 (Surface Weather Observations). Parameters recorded in Form 3803 included the following: local time, universal time, precipitation (in inches), wind direction (true degrees), wind speed (knots), temperature (degrees centigrade), dew point (degrees centigrade), barometric pressure (inches), and percentage of the sky covered (e.g., by clouds or blowing dust). Data from all Air Force Form 3803 for the entire study period were migrated into a master EXCEL Þle, where precipitation was converted from inches to cm. All data were double checked before initiating analyses. Hourly weather data were condensed into daily records, with the mean, minimum, maximum, and standard error of the mean values calculated for each weather variable per 24-h day as well as 12-h daytime and 12-h nighttime periods.
Statistical Analysis. Only the weather data for days in which traps were placed are used in the statistical analysis to examine the relationship between sand ßies per trap night and weather. We initially evaluated the effect of daily (24-h) weather on sand ßy activity; however, we subsequently chose to also assess effect of daytime (12 h from 0655 to 1854 local time) and nighttime (12 h from 1855 to 0654 local time) weather on sand ßy activity. Principal components analysis (PCA) was used to reduce the large number of independent variables to principal components (PC). The independent variables entering the PCA were as follows: mean, minimum, and maximum wind speed; mean, minimum, and maximum temperature; mean, minimum, and maximum dew point; mean, minimum, and maximum sky cover; and moon illumination. All PCs were then entered into stepwise regression with alpha to enter and alpha to remove both set at 0.05 and number of sand ßies per trap night as the dependent variable (Jolliffe 2002) . All PCs identiÞed as signiÞcant in the stepwise regression were further examined to identify those original independent variables that affect the number of sand ßies collected. This was accomplished by multiplying the loading values for each PC in the regression model by the corresponding regression coefÞcient. The standardized values for each independent variable were then summed (Zuur et al. 2007 ). This serves to standardize the independent variables and allow for direct comparison among the original independent variables in the regression model created using PCA (Zuur et al. 2007) .
Results
General Meteorological Conditions at TAB. Collection of meteorological data at TAB was initiated by the United States Air Force Weather Detachment on 22 March 2003 and continued throughout the study period. The overall weather conditions at TAB were typical of a semiarid desert, to include extremely high temperatures, low humidity, and blowing wind. A summary of the seasonal weather parameters (wind direction, wind speed, temperature, dew point, precipitation, and cloud cover) over the course of the study is provided in Fig. 1 , whereas monthly data are provided in Table 1 . For purpose of subsequent analysis and discussion, the hot season consists of the months of May through September (based on an average daily temperature Ͼ30ЊC), whereas the cool season consists of the months October through April (based on an average daily temperature of Ͻ30ЊC) ( Table 1) (Table 1) .
The wind at TAB generally blew from the west, with an average daily wind direction (ADWD) of 256 degrees (SD ϭ 103 degrees). An ADWD of 225Ð315 degrees occurred on 286 (51.6%) of 554 d and 180 Ð360 degrees on 439 (79.2%) of 554 d. The wind occasionally blew from the east, with an ADWD of 45Ð135 degrees occurring on 40 (7.2%) days and between 0 and 180 degrees on 115 (20.8%) days. The maximum wind speed recorded during the study period was 36 knots on 22 April 2004. The average daily wind speed was 7.84 knots (SD ϭ 5.13 knots), with the highest winds occurring during June, July, and August (Fig. 1) . (Table 1 ). The lack of rainfall during the hot season was associated with generally clear skies. The portion of the sky that was covered by clouds was generally Ͻ10% in the hot season, whereas it was generally Ͼ30% in the cool season (Fig. 1, Table 1 ). Daily Conditions During the Hot Season. Because sand ßies were predominantly active during the hot (May through September) season (Coleman et al. 2007 ), we more closely examined meteorological conditions that occurred during this period. The daily variation in six meteorological parameters during these months is presented in Fig. 2 . Wind direction did not vary signiÞcantly over the course of the day; how- ever, wind speed was low in the morning and picked up gradually over the course of the day until 1600 h, when it normally began to decrease. The high winds in the afternoon were often accompanied by a great deal of blowing dust and debris (sandstorms), as evidenced by the increase in the portion of the sky that was covered over the course of the day (Fig. 2) . Temperatures during the hot season increased gradually over the course of the day, reaching a peak at ϳ1300 h, and remained high until ϳ1900 h when they typically began decreasing. Dew points were lowest during the day and gradually increased from sunset until ϳ0800 h. Barometric pressure did not vary greatly over the course of the average day during the hot season.
Collection of Sand Flies. Traps were placed in a total of 81 different locations within the inhabited portions of TAB, with the majority of traps located within 100 m of an inhabited structure (e.g., tent or building). The terrain in this area was remarkably uniform, with almost no variation in elevation; sparse, low vegetation that did not change over the course of the sand ßy season; and no natural standing water. Although there were several locations where water seepage from artiÞcial sources occurred, we have no data to indicate whether sand ßies were breeding in these areas.
A total of 78,289 sand ßies was collected in 1,455 trap nights at the 81 different trap locations during the course of the study. As a result of the challenge of identifying sand ßies, only 8,699 (11.1%) of the 78,289 sand ßies collected in this study were identiÞed. The sand ßies identiÞed included 2,574 (29.6%) P. alexandri, 2,568 (29.5%) P. papatasi, 70 (0.8%) Phlebotomus sergenti Parrot, and 3,487 (40.1%) Sergentomyia spp.
Statistical Analysis. We initially evaluated the effect of daily (24-h) conditions on sand ßy activity; however, when we noticed some unexpected results related to the impact of wind speed on the collection of sand ßies, we subsequently evaluated the effect of 12-h daytime as well as 12-h nighttime conditions. With the exception of maximum wind speed, there was no difference in results obtained when we analyzed 24-h daily data compared with 12-h nighttime or 12-h daytime data. The PCA yielded 13 PCs that are not correlated with one another. The Þrst four PCs had eigenvalues Ͼ1 and accounted for 82.1% of the variance (Table 2 ). All 13 PCs were entered into the stepwise regression procedure. PCs 4, 5, and 6 were retained in the model (P Ͻ 0.05). The regression model is as follows: sand ßies per trap night ϭ 51.00 ϩ 12.8PC4 ϩ 24.7PC5 Ϫ 16.2PC6. The loading values for PC4, PC5, and PC6 were multiplied by the corresponding regression coefÞcient. The resulting values were then summed across the three PCs for each of the original independent variables (Zuur et al. 2007 ). The original loading, standardized loading, and sums for each original independent variable are presented in Table 3 .
Moon illumination, minimum wind speed, and mean wind speed had the strongest effect, with all three being inversely related to numbers of sand ßy per trap night (Table 3) . Mean temperature, minimum temperature, and maximum temperature had moderate positive relationships with numbers of sand ßies collected, whereas mean and minimum percentage of sky cover had moderate inverse relationships with sand ßy numbers. The dew point variables and the maximum percentage of sky cover had little inßuence on the model (Table 3) . Surprisingly, our initial analysis found that maximum daily (24-h) wind speed had a moderate positive relationship with sand ßy numbers, whereas maximum nighttime (12-h) wind speed had a moderate inverse relationship. To better understand this discrepancy, we subsequently further separated the weather data into two periods, as follows: day (0600Ð1800, when sand ßies were not being collected), and night (1800Ð0600, when traps were in place). The analysis was then run with 25 variables, as follows: moon illumination plus day and night wind speed, temperature, dew point, and percentage of sky cover variables. The results of this analysis mirrored our prior analysis, with the exception of the mean wind speed, minimum wind speed, and maximum wind speed. The nighttime wind speed variables (mean, minimum, and maximum) all had strong inverse relationship with trap collections, with the highest number of ßies collected with the lowest nighttime wind speeds. The daytime wind speed variables (mean, minimum, and maximum) had a weak positive relationship with nighttime trap collections.
Discussion
Although we ideally would have liked to evaluate the response of individual species of sand ßies to weather conditions at TAB, this was not possible because only a random sampling of sand ßies from each nightÕs collection was identiÞed. Although we believe that it will be important to ultimately evaluate the responses of different species of sand ßies to the weather, because military preventive medicine units normally do not identify sand ßies to species we believe that this more generic information is still of value.
Moon illumination had the strongest inßuence on the number of sand ßies collected in the current study, with increased illumination leading to decreased numbers collected. We were unfortunately unable to determine the role of competing artiÞcial light sources on our trap collections as data on the number and location of these competing sources were not recorded. Killick-Kendrick et al. (1985b) evaluated the distance at which sand ßies pick up the visual cue from light traps and found that Phlebotomus ariasi was attracted to light traps within 2 m of the trap (KillickKendrick et al. 1985b) . With increased moon illumination, there is increased ambient light that could compete with the light from the trap, thereby reducing the number of sand ßies that will pick up the visual cue from the light trap and move toward it. Rubio-Palis (1992) found that light traps collected almost twice as many Anopheles nuneztovari Gabaldó n when there was no moon compared with the number collected with a full moon, whereas Jaonousek and Olson (1994) found that the number of mosquitoes collected in light traps increased during a lunar eclipse and decreased when the full moon was exposed. Souza et al. (2005) found that although there was a signiÞcant positive correlation between moonlight intensity and humanbait collections of female Lutzomyia intermedia (Lutz and Neiva) and Lutzomyia whitmani (Antunes and Coutinho), there was a signiÞcant negative correlation between moonlight intensity and numbers collected in CDC light traps. Similarly, Santos-de Marco et al. (2002) found that the attractiveness of light traps toward L. intermedia was depressed during the brightest (gibbous and full moon) phases of the moon, but dark phases (new and crescent) of the moon had no effect. Kassem et al. (2009) determined that densities of P. papatasi in the Nile Delta, as determined by sticky traps, were not affected by the lunar phase. One concern expressed by some researchers regarding use of light traps is that they can be biased toward more phototropic species (Alexander 2000) . These various data sources clearly indicate that light from the moon can have a negative impact on the collection of biting arthropods in general and sand ßies in particular in light traps. However, data from traps that do not rely on a light source (e.g., landing/biting collections or sticky traps) indicate that lunar illumination may have no impact on sand ßy activity. Taken together, these data suggest that light traps, although effective at collecting sand ßies, may not be the best method of accurately assessing sand ßy activity.
Initially, the evaluation of wind speed on sand ßy activity was somewhat confusing, as mean daily wind speed and minimum daily wind speed were inversely related to the number of sand ßies collected, whereas maximum daily wind speed was positively related to the numbers collected. However, when we separately evaluated the effect of daytime wind speed and nighttime wind speed on sand ßy collections, the results became clearer. We found a strong inverse relationship between nighttime wind speed (to include minimum, maximum, and mean values) and the number of sand ßies collected at TAB. These data are in agreement with most other published studies. Roberts (1994) found that the number of sand ßies collected using a vehicle-mounted net in Oman was inversely related to wind velocity, with 3.5 m/s (6.8 knots) thought to be the highest velocity at which sand ßies were active, whereas Sawalha et al. (2003) found that sand ßies collected in the Palestinian West Bank were most abundant when wind speeds were below 0.3 m/s (0.58 knots). The highest mean wind speed in the current study was 11.99 knots Surprisingly, when we evaluated only the daytime wind speeds, we found a positive relationship between daytime wind speed (to include minimum, maximum, and mean values) and nighttime sand ßy activity (the stronger the daytime wind, the more sand ßies collected at night). Because nighttime wind speed was inversely correlated with sand ßy activity, we presume that high daytime wind speeds may be correlated with other nighttime factors that are favorable for sand ßy activity. For example, high daytime wind speed may be positively correlated with nighttime temperature, yet have no correlation or even a negative correlation with nighttime wind speed. As illustrated in Fig. 2 , increasing daytime wind speed was associated with increasing sky cover; however, the wind speed rapidly decreased with darkness, whereas temperatures decreased much more slowly.
We also found that temperature had a moderately strong direct relationship with sand ßy activity at TAB. This relationship has been demonstrated with a number of species of sand ßies in many locations. In Morocco, sand ßies (primarily P. papatasi and Sergentomyia spp.) are active year round, but the density of sand ßies collected is positively associated with temperature (Boussaa et al. 2005) . Studies in the Middle East have shown that P. papatasi activity starts in the spring, reaches a peak in the late summer, and stops entirely by the end of November (Merdan et al. 1992 , Morsy et al. 1993 , Janini et al. 1995 , Morsy et al. 1995 , Yaghoobi-Ershadi and Javadian 1997 , Kassem et al. 2009 ). In the Palestinian West Bank, sand ßy activity is highest when the temperature is in the 24 Ð26ЊC range (Sawalha et al. 2003 ). In the current study, sand ßy activity was highest from late June through August, when the mean nighttime temperature was Ͼ30ЊC. Activity was lowest when the mean nighttime temperature was 24ЊC or less.
Percentage of sky cover had a moderate inverse relationship with the number of sand ßies collected per trap night. Sky cover increases gradually through the daytime hours, dropping off at night (Fig. 2) . The relationship between sky cover and sand ßy activity could be related to increased levels of particulate matter in the air because of dust storms that can develop as temperature and wind speed increase late in the day. Such increased particulate matter would most likely decrease the ability of the sand ßies to ßy. Increased particulate matter in the air could also decrease the efÞcacy of the light traps by causing the light to be more diffuse.
We had hoped to conduct a time series analysis to determine whether speciÞc environmental factors might inßuence sand ßy activity days, weeks, or even months in the future. For example, one hypothesis we developed was that sand ßy activity on a night with favorable weather conditions would be positively related to the number of preceding days with unfavorable weather conditions. Unfortunately, because of large gaps between sampling days, we were unable to perform a time series analysis. A small number of studies have evaluated the impact of environmental conditions over weeks and months. For example, Ghosh et al. (1999) found that soil temperature and moisture 1 mo prior were positively associated with the numbers of Phlebotomus argentipes Annandale and Brunetti collected in West Bengal, India. In the future, it would be instructive to examine the time relationships between environmental variables and sand ßy activity in the Middle East. These relationships could give valuable insight to help target and develop control strategies.
Our Þndings indicate that sand ßies at TAB, Iraq, are most active on warm, clear nights with little wind. Furthermore, our Þndings also indicate that when activity is measured by means of a light trap, moon illumination can strongly impact the outcome and so give a false indication of decreased sand ßy activity. These results may be used to Þne-tune sampling strategies and better target control strategies (i.e., areawide ultra-low volume (ULV) spraying) to days when sand ßies will be more active.
